An analytical method for the determination of total iodine at the ng level in urine, biological materials and foods was investigated. The organic substances were completely decomposed using a mixed solution of nitric, perchloric and sulfuric acids as pretreatment agents at ca. 230˚C. Iodine in the resulting solution was analyzed by a kinetic-photometric method based on the catalytic effect of iodine on the oxidation of chlorpromazine by hydrogen peroxide. The relative standard deviation was 1.6% for 100 ng of iodide and the detection limit of the method was 1.6 ng (3σ). The proposed method was successfully applied to the determination of iodine at ng levels in real samples.
Introduction
Although the clarke number of iodine, 3 × 10 -5 , is not large and the content of iodine in the lithosphere and ocean is considerably lower, iodine is playing an important metabolic role in the human body as an essential micronutrient. It is well known that the thyroid gland takes in iodine and synthesizes hormone. A deficiency of iodine has been associated with thyroid disease. Iodine in foodstuffs can be used as intake monitors and urinary iodine is a good biochemical marker for the control of iodine deficiency disorders. 1 Therefore, measurements of iodine in urine and foodstuffs are of considerable interest. A number of methods have been proposed for determination of iodine in biological materials. [2] [3] [4] [5] [6] A quartz crystal microbalance (QCM) method was proposed by Yao et al. In the method, ionic iodine in the sample solution is changed to free iodine and adsorbed in gold electrodes of QCM. Although the iodine content in foods and body fluids was successfully determined, the method required an extraction of the free iodine with carbon tetrachloride. Ohashi et al. proposed a microplate method for the determination of urinary iodine. 3 However, the detection limit of 14 µg dm -3 of the method is not sufficiently sensitive for the analysis of samples having fairly low iodine concentrations.
The kinetic-catalytic method has become an attractive procedure because of its high sensitivity and sufficient accuracy without using any expensive or special equipment. We have reported on a kinetic-spectrophotometric method for the determination of iodine based on its catalytic effect on the oxidation of chlorpromazine (CP) by hydrogen peroxide in a sulfuric acid solution. 7 The method has been successfully applied to the determination of trace amounts of iodine in natural water samples. In the present study, this procedure was extended so as to provide a determination of total iodine in foodstuffs and biological samples. The predominant form of iodine in biological matrices is iodide bonded with organic matter; mineralization is required prior to the analysis. The organic substances are completely decomposed using a mixed solution of nitric, perchloric and sulfuric acids as pretreatment agents at ca. 230˚C. The iodine in the biological sample is mineralized and oxidized to iodate by the pretreatment and determined by the kinetic-catalytic procedure. The proposed method is simple and sensitive, and has been successfully applied to the determination of iodine at ng levels in biological material.
Experimental

Apparatus and reagents
A Japan Spectroscopic Co. V-530 UV/VIS spectrophotometer with an attached thermostated cell holder (35˚C) was used for absorbance measurements. The temperature was controlled with a Shibata Science Instrument Co. control unit (CU-85) circulating thermostat bath. One-centimeter glass cells were used for the reaction. The kinetic reaction was initiated by the injection of a H2O2 solution from a Gilson Pipetman (Model P-200). For mixing, a remote-controlled magnetic Acrobat stirrer (MS Instrument, Osaka, Japan) was installed at the side of the cell holder in the spectrophotometer.
The pure water was prepared by purifying distilled water with a Millipore Milli-Q SP system just before use. Reagent-grade chemicals were used throughout. A CP solution (0.05 mol dm -3 ) was prepared by dissolving 0.89 g of chlorpromazine hydrochloride in water and diluting to 50 cm 3 with water. A potassium iodate stock solution (1000 mg dm -3 as iodine) was prepared by dissolving 0.848 g of the iodate in 500 cm 3 of water. A potassium iodide stock solution (0.1 mol dm -3 ) was standardized by the Volhard method. All working solutions were prepared by suitable dilution with water.
Procedures for acid digestion
A known amount of sample (< 0.2 g for solid sample, < 0.3 cm 3 for liquid sample) was placed in a 20-cm 3 volumetric flask, to which 0.3 cm 3 of 13 mol dm -3 nitric acid, 0.3 cm 3 of 9 mol dm -3 perchloric acid and 1.5 cm 3 of 18 mol dm -3 sulfuric acid were added. For a solid sample, 0.2 cm 3 of pure water was added before the addition of acids. After standing for a few minutes, the volumetric flask was heated on a hot plate at 230˚C for 20 min. After cooling, the digested sample was made up to 20 cm 3 with water.
The heating at 230˚C did not cause any serious changes in the volume of the flasks; the volume of the volumetric flasks that were used many times in this procedure was measured by weighing a flask filled with pure water; no significant variation in the volume was observed (19.89 -19.92 g at 27.2˚C, mean 19.91 g, relative standard deviation 0.06%, n = 10). The volumetric flasks were, thus, used for acid digestion to simplify the procedure and to avoid contamination during transfer of a digested sample to the volumetric flask. Yonehara et al. investigated the contamination of iodine from ambient air in the laboratory. 8 They reported that 50 cm 3 of pure water in a beaker caused iodine concentration, even after several minutes of standing time, and that the concentration became progressively higher with prolonged standing.
Procedure for the catalytic determination of iodine
A suitable aliquot of the digested solution (< 5 cm 3 ) was transferred into a glass-stoppered tube and made up to 5 cm 3 with 1.4 mol dm -3 sulfuric acid. A 0.05 mol dm -3 CP solution was added and thoroughly mixed. This solution was kept at 35˚C in a water bath for 15 min in order to achieve the required temperature. Then, 1.6 cm 3 of the solution was taken into a glass cell. The cell was placed in the holder at 35˚C and the solution was stirred magnetically. The reaction was initiated by the injection of 0.4 cm 3 of a 10.2 mol dm -3 hydrogen peroxide solution (35˚C). The increase in the absorbance at 525 nm was recorded against a pure-water reference. The absorbance reached a maximum at a given time after adding the hydrogen peroxide solution. After the curves had kept maximum values for 20 -30 s, the absorbances decreased rather slowly. Since the maximum absorbance increased with an increase in the iodide concentration, this value was used as a parameter for the iodide determination. 7, 9 
Results and Discussion
Effect of the amount of acids on the recovery of iodine
Using 100 ng (as iodine) of iodide and iodate, the pretreatment condition was examined. The amount of 13 mol dm -3 nitric acid was studied in the range of 0 -0.4 cm 3 . As shown in Fig. 1a , at more than 0.2 cm 3 of nitric acid, about 100% recovery of both iodide and iodate was achieved. For the amount of nitric acid, 0.3 cm 3 was selected. In the absence of perchloric acid, color formation started just after the addition of CP, and before the addition of hydrogen peroxide. This may have been caused by nitrite produced through acid digestion in the absence of perchloric acid. However, when using perchloric acid, such a color formation was not observed, and 100% recovery of iodine was achieved (Fig. 1b) . The amount of 0.3 cm 3 of 9 mol dm -3 perchloric acid was selected. The recoveries of both iodide and iodate were increased along with an increase in the volume of sulfuric acid, and reached the maximum value for a volume larger than 1.2 cm 3 (Fig. 1c) . We selected 1.5 cm 3 as the amount of 18 mol dm -3 sulfuric acid.
Reproducibility
The relative standard deviations for 6 replicate determinations were 6.8% and 1.6% for 40 and 100 ng iodate (as I), respectively. The detection limit of this method (3σ) was 1.6 ng of iodine. Since the heating might cause an escape of iodine (I2) from the solution during the acid digestion, mixtures of iodide and iodate were also treated with the procedure. Table 1 shows that a nearly 100% recovery was achieved for each mixture.
Interference of iron and mercury
A previous study showed that mercury interfered with the catalytic determination of iodine at the same order with iodine by combining with iodine. 7 Mercury does not interfere with the determination of iodine in natural water, since the concentration of mercury in water is two or three orders lower than that of iodide. Mercury, however, is occasionally concentrated in fish through bio-accumulation. Thus, the interference of mercury was investigated in detail (Fig. 2) . The recovery of iodine decreased with an increase in the amount of mercury, and the catalytic effect of iodine was completely masked when mercury was present in 3-fold excess. However, until the ratio of mercury to iodine reached 0.3, mercury showed no interference on the iodide determination.
The iron ion shows the catalytic effect on the CP-hydrogen peroxide reaction and causes a positive error on the iodine determination. In order to avoid interference from the iron ion, the masking effect of mercury on the catalytic effect of iodine was investigated.
In the presence of iron, the catalytic effects of both iron and iodine promoted color formation. When mercury was added to the solution, the catalytic effect of iodine was completely masked and the determined value corresponded to the interference of iron. Thus, by subtracting the value obtained in the presence of mercury from that obtained in the absence of mercury, the net amounts of iodine could be determined. The results of the investigation are given in Table 2 . In the investigation, samples containing 0.2 µg of iodide were digested and measured by the recommended procedure. The found iodide increased with increasing the amounts of iron (A in Table  2 ); by subtracting the values corresponding to the interference of iron (B in Table 2 ), about 100% recovery was achieved. The interference of iron could be effectively avoided up to an 800-fold excess of iron by the treatment.
Application to biological materials
The proposed method was applied to the analysis of iodine in urine and foodstuffs. The results are given in Table 3 . The loss of iodine by volatilization during acid digestion was checked by the recovery of known amounts of iodide and iodate added to the sample. Their good recoveries were obtained, ranging from 90 to 102% (mean 97%). The absence of iron interference for the iodine determination of these samples was also confirmed by the addition of mercury. 
